Occupational exposure to silica dust especially its crystalline form is primarily related to silicosis. Other possible silica related diseases such as renal disorders are still underestimated.
Introduction
Occupational exposure to silica dust especially its crystalline form is primarily related to silicosis which is a wellknown fibrogenic lung disease. Silicosis mortality trends are markedly decreasing in industrialized countries; meanwhile, the situation is worse in developing countries (Bang, et al., 2008; It has been stated that microalbuminuria is a sensitive marker for early renal involvement in chronic diseases (Foster, et al., 2007 ). However, markers of possible renal affection were quite variable in the different health surveillance studies of silica exposed workers. Moreover, the association between silicosis and renal disorders was inconsistent finding (NIOSH, 2002) . An early research showed that glutathione in red blood cells was increased in silicotic patients (Borm, et al., 1986) . Other researches showed that glutathione content was decreased in silicotic lung tissues in rats in the early stage (Ghio, et al., 1994) and increased in the late stage (Yamano, et al., 1995) . However, the situation of oxidative stress in silica induced disease especially in relation to possible renal affection is still unclear. Gulumian, et al., The aim of the present work was to study the possibility of renal affection; as well as, alterations of some oxidative stress and autoimmune biomarkers among workers exposed to silica dust with and without silicosis.
Subjects and methods

Study design and setting:
A cross-sectional study was conducted in one of the factories for refractories in Alexandria. The exposure departments included milling, mixing and production.
The administrative sector represented the non-exposed group in the study.
Data collection:
Confidentiality was ensured. Ethical considerations were applied after getting permissions from concerned authorities; detailed explanation of the study procedures was done after which all participants gave a written consent to participate in the study.
Environmental data:
Records of a parallel environmental survey were reviewed, showing exposure levels to respirable free silica of 0.1, 0.15 and 0.09 mg/m 3 in the three departments of the plant namely; milling, mixing and production respectively.
Study population:
Using an assumed prevalence of renal affection among silica exposed and non-exposed workers of 40% and 5% respectively (Rosenman et al. 2009 and Rosenman et al. 2000) with 95% confidence and 80% power, the minimum required sample size is 27 for each group (Epi Info, 2004 ).
Workers free from chronic diseases causing microalbuminurea such as hypertension, diabetes mellitus, renal diseases and urinary disorders were only included in the study to avoid bias of the results (Stevens, et al., 2006) . All male exposed workers (n = 337) were classified into silicotic and nonsilicotic workers, through screening by chest radiologic microfilms for all male workers in the three exposure departments. Cases that showed suspected opacities indicative of any stage of silicosis were re-examined by a standard chest X-ray film (n=41). Silicotic cases were diagnosed according to the ILO International Classification of Radiographs of the Pneumoconioses (International Labor organization, 2000). All films were examined independently and compared to standard radiographs by two experienced occupational health physicians and a radiology consultant in Alexandria Health Insurance. In case of disagreement about any case they were asked to give a final diagnosis.
A group of exposed silicotic cases fulfilling the inclusion criteria were randomly selected for the study (n=27). Two other groups each of 27 workers were selected by systematic random technique from exposed workers with no silicosis and the non-exposed administrative department after insuring that they met the inclusion criteria. In case that one subject was excluded the next name was considered. The three groups were matched for sociodemographic characteristics. Accordingly, the sample was divided into 3 groups:
 Exposed silicotic group (n = 27)  Exposed non-silicotic group (n = 27)  Non-exposed group (n = 27) Study methods:
All participants were subjected to the following:
• A predesigned questionnaire about personal, medical and smoking histories, as well as occupational data including duration of employment and department of work (NIOSH, 2002).
• Clinical examination, general and systematic, with particular emphasis on respiratory, cardiovascular and renal systems to ensure compliance of the study population with the inclusion criteria (Stevens, et al., 2006 ).
• Measurements of height (cm) and weight (kg) by the standard methods. Body mass index was calculated (BMI kg/m2) and classified according to the WHO,
.
• Standard chest radiological examination to confirm cases of silicosis (as mentioned before); as well as, to exclude any chronic chest condition among exposed non-silicotic and non-exposed groups according to the ILO (International Labor Organization, 2000).
• Laboratory investigations: 
Statistical analysis:
Data entry and analysis were performed using PASW program version 18. Based on environmental measurements, the level of exposure was ranked 0, 1 & 2 for the non-exposed, mild exposure (milling and production) and high exposure (mixing) groups respectively. In order to quantify the severity of ILO classification of silicosis, a pneumoconiotic score was calculated considering the sum of lung zones affected both in right and left lungs multiplied by size of opacity (p = 1; q = 2; r = 3) and multiplied by category of profusion The data collected were analyzed by descriptive as well as inferential analysis. Frequency distribution tables, descriptive analysis (mean and standard deviation) as well as descriptive bar charts were used. As for the inferential part, chi-squared test, student t-test, one way ANOVA test and Pearson correlation analysis were applied. Based on the results of the univariate analysis, multiple linear regression analysis was performed to select all the independent variables that are believed to have significant effect on the quantitative dependent variable. Backward method was used. The estimated model provides the direct effect of each independent variable on the dependent variable. Such effect is the net effect after fixing all effects of other independent variables included in the model. The multiple linear regression models look for the best model that minimizes the vertical distance between the fitted line and the observed value of the dependent variable. The significance level was set at P < 0.05.
Results
Eighty one workers were included in the study. Fifty four of them were exposed to silica dust during their work and 27 workers were not exposed. About 57% of the workers participating in the study were under 40 years old with a mean age of 39.31±6.67 years. More than half of them (55.6%) were non-smokers. The duration of employment in the current jobs was between 10 and 20 years in most workers. Twenty workers were working in the milling department, 20 in the mixing department, 14 in the production department, and 27 workers in the administration department. There were no statistically significant differences for the age, body mass index (BMI), smoking habit and duration of work of the participating workers according to their exposure to silica dust and the presence of silicosis (table 1).
Of the 27 silicotic patients, 16 had an ILO profusion of small opacities 1/1, 7 had an ILO profusion of 1/2, and 4 had an ILO profusion of 2/2. The extent of lung opacity, in both right and left lung zones, included 2 lung zones in 6 workers (22.2%), 3 lung zones in 9 workers (33.3%), 4 lung zones in 7 workers (25.9%), and 5 lung zones in 5 workers (18.5%). All the 27 patients had small regular opacities, the size of the opacity in 18 of them was up to about 1.5 mm 'p' and it was exceeding about 1.5 mm and up to about 3 mm 'q' in 9 of them according to the ILO International Classification of Radiographs of the Pneumoconioses. The mean pneumoconiotic score of silicotic workers was 5.82±4.74 (table 2) .
Results of the study showed that about 52% of the exposed workers with silicosis, 40.7% of the exposed workers with no silicosis, and 7.4% of the non-exposed workers had microalbuminurea. Moreover, one way ANOVA test showed that there was no statistically significant difference in urinary albumin levels between exposed silicotic and exposed non-silicotic workers. It also showed that there was a statistically significant difference in urinary albumin levels between the non-exposed group and the exposed groups (either silicotic or non-silicotic). The antioxidants levels were found to be statistically significantly different between the 3 groups of the participating workers according to exposure to silica dust and the presence of silicosis. The levels of SOD (u/mg protein) showed that exposed workers with silicosis had the minimum SOD levels (4.427±0.427) followed by exposed workers with no silicosis (4.743±0.562). Meanwhile, nonexposed workers had the maximum SOD level (6.472±0.517). Also, the glutathione S-transferase levels (u/l) among exposed workers with or without silicosis were found to be significantly lower (4.395±0.441 and 4.560±0.447 respectively) than nonexposed workers (5.886±0.273) (table 3).
The possible mechanism of renal affection among workers exposed to silica dust was assessed. Results showed that the antioxidants levels were significantly lower in presence of positive microalbuminurea than among negative cases (SOD: 4.27±0.29 vs 4.86±0.52 u/mg protein; t=5.06 p<0.001 & Glutathione S-transferase: 4.26±0.29 vs 4.66±0.48 u/l; t=3.65 p<0.001). On the other hand, qualitative ANCA testing results were negative for all workers regardless of urinary albumin levels.
Pearson correlation analysis revealed that:
• Urinary albumin level was positively correlated with age, duration of exposure and level of exposure.
• Urinary albumin level was negatively correlated with SOD and glutathione s-transferase.
• Urinary albumin level was not correlated with smoking index, BMI and pneumoconiotic score
• The SOD level was negatively correlated with duration of exposure, level of exposure and pneumoconiotic score
• The SOD level was not correlated with age, smoking index and BMI
• Glutathione S-transferase level was negatively correlated with duration of exposure, level of exposure and pneumoconiotic score
• Glutathione S-transferase level was not correlated with age, smoking index and BMI (table 4) .
According to the results of Pearson correlation, proposed models for the independent factors affecting urinary albumin levels, SOD and Glutathione S-transferase levels were put. Then multiple linear regressions (backward method) were applied on the proposed models to find the significant factors affecting these dependent variables. 
Pneumoconiotic score
Mean ± SD 5.82±4.74 *P = diameter up to about 1.5 mm q = diameter exceeding about 1.5 mm and up to about 3 mm 33.02±31.84 (3) 16.23±12.31 (1, 2) F=4.47** 0.015
SOD (u/mg protein)
Mean ± SD 4.427±0.427 (2, 3) 4.743±0.562 (1, 3) 6.472±0.517 (1, 2) F=128.33 * <0.001
Glutathione S-transferase (u/l)
Mean ± SD 4.395±0.441 (3) 4.560±0.447 (3) 5.886±0.273 (1, 2) F=115.43 * <0.001
*The difference is significant at 0.01 level * *The difference between the 3 groups is significant at 0.05 level to the referents and they concluded that prolonged exposure to silica is associated with chronic irreversible nephrotoxicity in exposed workers. Also, it confirms the previous epidemiologic studies that found an association between kidney disease and exposure to silica (Rapiti, et al., 1999; Steenland, et al., 2001 ). The present study showed also that there was no statistically significant difference in urinary albumin levels between exposed workers suffering from silicosis and exposed workers not suffering from silicosis. This indicates that microalbuminurea, and thus renal disease, may occur in workers exposed to silica dust irrespective to the presence of silicosis.
This finding confirms the results of Rapiti, et al., (1999) who provided further evidence that exposure to silica dust among ceramic workers was associated with nephrotoxic effects whether they were silicotic or not.
Similarly, in a previous Egyptian research, the renal function parameters were found to be significantly higher in exposed groups Plasma antioxidant levels (SOD and glutathione S-transferase) were tested in the participating workers of the current study. Results showed that exposed silicotic workers had the lowest SOD levels followed by exposed non-silicotic workers and that non-exposed workers were found to have the highest SOD levels.
Moreover, glutathione S-transferase levels among exposed workers with or without silicosis were significantly lower than non- a Chinese study showed that the SOD activity levels were higher in all silica exposed groups than controls, but not for glutathione (Zhang, et al., 2010) . The discrepancy between results of the current study and the Chinese study may be attributed to differences in characterization of silica exposure, and duration of work in both studies. Moreover, lifestyle and ethnic differences may account for many changes in serum antioxidant levels (Nojima, et al., 2009 ).
In the present study, the antioxidant levels (SOD and glutathione S-transferase)
were significantly lower in the presence of 
Conclusion and Recommendations
In conclusion, long-term exposure to silica dust may lead to renal affection, as 
